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Description 

[0001] The present invention relates to a method of 
evapoiating a nnetal using a graphite container having 
a pyrolytic boron nitride coating. 
[0002] Many metals such as aluminum, copper, chro- 
mium, zinc and tin are coated onto various substrates 
such as metal, glass and plastic by a vacuum deposition 
process in which a container is heated by electric resist- 
ance heating to vaporize metal fed Into contact with the 
container. The container, which is commonly referred to 
as a 'boat", is connected in an electric circuit in a series 
circuit relationship so that current flows directly through 
the boat, which in turn heats the metal in contact with 
the boat until it vaporizes. The metal is vaporized in an 
evacuated atmosphere for coating a product which may 
be individually introduced into the evacuated chamber 
or continuously fed through the chamber Discreet prod- 
ucts may include a television picture tube, an automo- 
bile head light, a toy or the like. 
[0003] Presently, most resistance heated containers 
are composed of an intenmetalic ceramic composite of 
titanium diboride and boron nitride alone or in combina- 
tion with aluminum nitride. The composite has a very 
short lifetime and requires continual adjustment of the 
power supply. Moreover, the resistance characteristics 
of such heaters are not stable during operation since the 
metal component of the ceramic composite is a conduc- 
tor which forms part of the electrical circuit. As a result 
metal vaporization is not uniform resulting in a non-uni- 
form metal deposition. 

[0004] A container of graphite coated with pyrolytic 
boron nitride has been suggested for use as an alterna- 
tive to a resistance heater composed of an intermetallic 
ceramic composite. The coating of pyrolytic boron ni- 
tride is intended to electrically isolate the molten metal 
In the container from the current path through the graph- 
ite body and to supply more uniform heat to the metal. 
It has instead been discovered that the molten metal af- 
ter only a short time Interval will pass through the layer 
planes of the pyrolytic boron nitride coating and directly 
infiltrate the porous graphite body. Changes in the ther- 
mal cycle causes the boron nitride coating to crack with- 
in a short operating time inten^al. This destroys the utility 
of the graphite for use as a metal evaporator. Increasing 
the thickness of the pyrolytic boron nitride coating can 
delay, but will not significantly prevent leakage through 
the boron nitride coating. 

[0005] L.A. Seliverstov in instmments and Experi- 
mental Techniques col. 22, No. 1 (1979) pp 253-5 de- 
scribes a method for the production of films of substanc- 
es with complicated composition, eg. a magnetic alloy, 
by discrete pulse evaporation. One benefit of the meth- 
od is an increase in the lifetime of the evaporator be- 
cause of the short time of contact with the evaporated 
material. JP-A-59-104 472 discloses a method of flash 
vapour depositkjn with a cycle in which the current sup- 
ply to the evaporatkxi boat is interrupted to. 



[0006] According to the present inventran there is pro- 
vkJed a method of evaporating a metal using a graphite 
container having a graphite body arKi a pyrolytic boron 
nitride coating comprising the steps of: depositing a met- 
al charge of predetermined weight into said container 
over said boron nitride coating; applying electrical power 
to said container such that current flows directly through 
the graphite body to cause the metal charge to fully 
evaporate within a finite time Interval of less than two 
(2) minutes, varying the electrical power being applied 
to said container to control the heat cycle across said 
boron nitride coating and to provide a cool down period 
in each cycle of applied power, and Introducing a new 
charge of metal into said container In a semi-continuous 
fashion upon completion of each heat cycle. 
[0007] According to a further feature of the present 
invention there Is provided a method of evaporating a 
metal using a graphite container having a graphite body 
with a cross sectional area of between 15 sq. mm and 
72 sq.mm and a maximum length of 20.32cms (8 inch- 
es), and a pyrolytic boron nitride coating of between 
0.025cms (.010 inches) and O.OScms (.020. inches) 
thick, comprising the steps of: depositing a metal charge 
selected from the group consisting of aluminum, copper, 
zinc and tin with said metal charge having a predeter- 
mined weight of between 6 mg and 200 mg into said 
container with the boron nitrkje coating separating the 
graphite body from the metal charge; applying electrical 
power with a constant current and a variable voltage of 
between 4 to 25 volts to said graphite container for a 
controlled short interval of time of less than two (2) min- 
utes sufficient to cause the metal charge to fully evapo- 
rate in said tjme interval and the current to flow directly 
through said graphite body; varying the electrrcal power 
applied to said container to control the heat cycle across 
said coating with said electrical power being interrupted 
repetitively to provide a minimum cool down period with 
essentially no current flow between each application of 
applied power and introducing a new charge of metal 
into said container during said cool down period. 
[0008] An aim of the present invention is to provide a 
method ot using a container of graphite coated with py- 
rolytic boron nitride for metal vaporization, which meth- 
od improves performance. 

[0009] In accordance with the method of the present 
invention a graphite container coated with boron nitride 
is used for vaporizing metal in contact with the container 
through heat conduction and will provide an extended 
service life if the metal to be vaporized is deposited in a 
semi-continuous fashion while varying the applied pow- 
er to the container to provide a controlled heat cycle in 
which the applied power is applied over a fixed time pe- 
riod of less than two minutes sufficient to fully evaporate 
the metal charge, and to provide a cool down period be- 
fore reintroducing a new metal charge. 
[0010] The present invention will now be further de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which:- 
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Fig. 1 is a perspective view of a graphite metal evap- 
orator with a pyrolytic boron nitride coating for use 
in accordance with the present inventbn; 
Figure 2 is a cross section taken along the lines 2-2 
of Figure 1 ; and 

Figure 3 is a pbt of the current flow pattern through 
the evaporator of Figure 1 during the practice of the 
present invention. 

[0011] A resistance heater 1 0 shown in Figure 1 com- 
prises a graphite body 12 with a pyrolytic boron nitride 
coating 1 4 covering a specified area of the graphite body 
12 in which a depression 15 is formed. The graphite 
body 1 2 is a mechanical block of high strength graphite. 
The depression 15 can be of any desired shape or ge- 
ometry, preferably rounded as is shown in Figure 2 with 
hemispherical ends as shown in Figure 1 . to receive and 
hold a metal charge (not shown) to be vaporized by the 
resistance heater 10. The metal charge may be com- 
posed of any metal selected from the group consisting 
of aluminum, copper, zinc and tin and may be in the form 
of one or more pieces having a total weight of preferably 
between 6 mg to 200 mg. 

[DDI 2] The graphite body 1 2 is preferably of a rectan- 
gular configuration having a predetermined cross sec- 
tional area to provide a defined resistance path which 
will optimize the heat generated therein for a given ap- 
plied voltage, to assure complete evaporation of the 
metal charge under controlled heat cycle conditions as 
hereinafter discussed. The graphite body 12 must be 
properly sized to allow it to cause evaporation of the 
metal charge within the desired time inten/al. The ap> 
plied voltage, cross sectional area and length of the 
graphite body 1 2 will determine the heat cycle time. To 
achieve full evaporation of the metal charge in less than 
two minutes with an applied voltage of from 4 to 25 volts 
it is necessary for the graphite body 1 2 to have a max- 
imum cross sectional area of between about 15 mm^) (. 
02 square inch) and 72mm2 (.n square inch) and a 
maximum length of 20.32cms (8 inches) although pref- 
erably less than 12.7cms (5 Inches). An evaporator with 
a 15sq. mm cross section and a 200 mm length would 
require an applied voltage of 25 volts whereas a 72 sq. 
mm cross section and a 75 mm length requires an ap- 
plied voltage of only 4 volts. 

[0013] A coating of pyrolytic boron nitride 14 may be 
formed on the graphite body 1 2 by passing gaseous va- 
pors of ammonia and boron halide e.g. boron trichloride 
as reactants into a heated reactor (not shown). The tem- 
perature of the reactor is elevated to a temperature of 
up to 2300** C at a pressure of less than 50 mm of mer- 
cury to form a coating, by chemical vapor deposition, of 
boron nitride as is taught in U.S. Patent No. 3,152.006. 
The pyrolytic boron nitride coating 14 must be thin 
enough to maximize heat transfer into the metal charge 
so as to permit evaporation within the desired fixed time 
interval of less than two minutes and yet must be thick 
enough to maintain its structural integrity over an e^x- 



tended service lifetime with constant heat cycle varia- 
tions. The preferred thickness range for the pyrolytic bo- 
ron nitride coating should be between 0.025cms and 
0.05cms (.01 0 and .020 inches). 
5 [0014] The sen/ice life of the heater 10 has proven to 
be orders of magnitude greater than conventional resist- 
ance heaters. The heater 10 is operated in a semi-con- 
tinuous fashion with a metal charge fully evaporated 
during each heat cycle in a period of under two minutes. 
10 In each cycle of operation power is applied for a short 
interval coincident with the time required to fully evapo- 
rate the metal charge and includes a cool down period 
before reapplying power. This results in a current flow 
pattern as shown in Figure 3 in which the curent is al- 
nrK>st constant over the time period required to cause full 
evaporation of the metal charge followed by a cool down 
perkxl in which a new metal charge is deposited before 
power is reapplied. By operating the heater 10 in this 
semi-continuous fashion the pyrolytic tx}ron nitride coat- 
ing 14 acts only as an insulating barrier with no leakage 
of metal through the boron nitride coating 14 into the 
graphite body 12. 



1. A method of evaporating a metal using a graphite 
container (10) having a graphite body (12) and a 
pyrolytic boron nitride coating (14) comprising the 
steps of: depositing a metal charge of predeter- 
mined weight into said container (10) over said bo- 
ron nitride coating (14); applying electrical power to 
said container (10) such that current flows directly 
through the graphite body (12) to cause the metal 
charge to fully evaporate within a finite time interval 
of less than two (2) minutes, varying the electrical 
power being applied to said container ( 1 0) to control 
the heat cycle across said boron nitride coating (14) 
and to provide a cool down period in each cycle of 
applied power, and introducing a new charge of 
metal into said container (10) in a semi-continuous 
fashion upon completion of each heat cycle. 

2. A method of evaporating a metal using a graphite 
container (10) having a graphite body (12) with a 
cross sectional area of between 15 sq. mm and 72 
sq.mm and a maximum length of 20.32cms (8 inch- 
es), and a pyrolytic boron nitrkle coating (14) of be- 
tween 0.025cms and 0.05cms (.010 and .020 inch- 
es) thick, comprising the steps of: depositing a met- 
al charge selected from the group consisting of alu- 
minum, copper, zinc and tin with said metal charge 
having a predetermined weight of between 6 mg 
and 200 mg into said container (10) with the boron 
nitride coating (14) separating the graphite body 
(12) from the metal charge; applying electrical pow- 
er with a constant current and a variable voltage of 
between 4 to 25 volts to said graphite container (1 0) 
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for a controlled short interval of time of less than two 
(2) minutes sufficient to cause the metal charge to 
fully evaporate In said time interval and the current 
to flow directly through said graphite body (12); var> 
ying the electrical power applied to said container s 
(10) to control the heat cycle across said coating 
(14) with said electrical power being interrupted re- 
petitively to provide a minimum coot down period 
with essentially no current flow between each ap- 
plication of applied power and introducing a new io 
charge of metal into said container (10) during said 
cool down period. 



Patentanspruche is 

1. Verfahren zur Verdampfung eines Metalls unter 
Verwendung eines Graph itbehalters (10) mil einem 
Graphitkorper (12) und einer pyrolytlschen Bomi- 
trid-Beschichtung (14), umfassend die Schritte: An- 20 
ordnen einer Metallcharge vorbestimmten Ge- 
wichts In dem Behalter (10) uber der Bomitrid-Be- 
schichtung (14); Aniegen elektrlscher Leistung an 
den Behalter (10), so daB der Strom direkt durch 
den Graphitkorper (12) fiieBt, so da3 die Metallchar- 2S 
ge innerhalb eines endlichen Zeitraums von weni* 
ger als zwei (2) Minuten vollstandig verdampft. An- 
dem der an den Behalter (10) angelegten elektri- 
schen Leistung zur Steuerung des Heizzyklus quer 

zur Bornitrid-Beschichtung (14) und zur Bereitstel- 30 
lung eines Abkuhlzeitraums In jedem Zyklus der an- 
gelegten Leistung, und EinfOhren einer neuen Me- 
tallcharge in den Behalter (10) in halbkontinuierii- 
cher Weise nach Ablaut jedes Heizzyklus. 

35 

2. Verfahren zur Verdampfung eines Metalls unter 
Verwendung eines Graphitbehalters (10), der einen 
Graphitkorper (12) mit einer Querschnittsflache 
zwischen 1 5 mm^ und 72 mm^ und einer maxima len 
Lange von 20,32 cm (8 Inch) und eine pyrolytische 40 
Bornitrid-Beschichtung (14) zwischen 0,025 cm 
und 0.05 cm (0.010 und 0,020 Inch) Dicke aufwelst, 
umfassend die Schritte: Anordnen einer Metallchar- 
ge, ausgewahK aus der Gruppe, bestehend aus 
Aluminium, Kupfer, Zink und Zinn, wobei die Metall- 45 
charge ein vorbestimmtes Gewicht zwischen 6 mg 
und 200 mg aufweist, in dem Behalter (10). wobei 

die mit der Bomitrid-Beschichtung (14) den Graphit- 
korper (1 2) von der Metallcharge trennt; Aniegen ei- 
ner elektrischen Leistung mit einem Konstantstrom so 
und einer veranderiichen Spannung zwischen 4 
und 25 Volt an den Graphitbehalter (10) fur einen 
gesteuerten kurzen Zertraum von weniger als zwei 
(2) Minuten, ausrek:hend. urn die Metallcharge In 
dem Zeitraum vollstandig zu verdampfen, wobei der ss 
Strom direkt durch den Graphitkorper (12) flie3t; 
Andem der an den Behalter (10) angelegten elek- 
trischen Leistung zur Steuerung des Heizzyklus 
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quer zur Beschichtung (14), wobei die elektrische 
Leistung wiederhoft untert3rochen wird. um einen 
minimalen Abkuhlzeitraum, bei dem im wesentli- 
chen kein Strom flie3t, zwischen jedem Aniegen 
von Leistung bereitzustellen, und EinfOhren einer 
neuen Metallcharge in den Behalter (10) wahrend 
des Abkuhlzeitraums. 



Revendications 

1. Un proc^dd permettant d'6vaporer un mdtal utili- 
sant un recipient en graphite (10) poss^dant un 
corps en graphite (12) et un rev§tement de nitrure 
de bore pyrolytique (14) comprenant las stapes 
suivantes : le d^pdt d'une charge de m^tal d'un 
poids pr6d6tenmin6 dans ledit r^ipient (10) sur ledit 
rev§tement de nitrure de bore (14) ; I'application de 
r^nergie ^lectrique audit recipient (10) de sorte que 
le courant passe directement d travers le corps en 
graphite (1 2) afin de provoquer r§vaporation totale 
de la charge de m^tal dans les limrtes d'un intervalle 
de temps donn6 dont la dur^e est inf^rieure d deux 
(2) minutes ; la variation de T^nergie ^lectrique qui 
est appliqu^e audit recipient (10) afin de contrdler 
le cycle thermique sur ledit revetement de nitrure 
de bore (14). et d'offrir une pdrkxje de refroidisse- 
ment pendant chaque cycle de la puissance appli- 
qu^e, et I'introduction d'une nouvelle charge de m^- 
tal dans ledit recipient (10) de fafon semi-continue 
une fois que chaque cycle thermique est termini. 

2. Un proc6d6 permettant d'6vaporer un m6tal utili- 
sant un recipient en graphite (10) poss6dant un 
corps en graphite (12) pr6sentant une coupe trans- 
versale entre 15 mm^ et 72 mm^ et une tongueur 
maximale de 20,32 cm (8 pouces). et un revdtemeht 
de nitrure de bore pyrolytique (14) dont I'^paisseur 
se situe entre 0,025 cm et 0,05 cm (entre 0.010 et 
0.020 pouce), comprenant les 6tapes suivantes : le 
d6p6t d'une charge de m^tal s^lectionn^e k partir 
d'un groupe compost d'aluminium. de cuivre, de 
zinc et d'Stain, la charge de m^tal ayant un poids 
pr6d6termin6 situ6 entre 6 mg et 200 mg dans ledit 
recipient (10) alors que le revetement de nitrure de 
bore (1 4) constitue une separation entre le corps en 
graphite (1 2) et la charge de m6tal ; I'application de 
l*4nergie dlectrique. compos^e d'un courant cons- 
tant et d'une tension variable situ^e entre 4 et 25 
Volts, audit recipient en graphite (10) pendant un 
bref inten^alle de temps contr6l6 d'une durde inf6- 
rieure ^ deux (2) minutes qui est suffisante pour pro- 
voquer I'^vaporation totale de la charge de mStal 
dans les limltes dudit inten/alle de temps, et pour 
faire passer directement le courant ^ travers ledit 
corps en graphite (12); la variation de I'^nergie 
6lectrique appliquSe audit recipient (10) afin de con- 
trdler le cycle thermique sur ledit rev§tement (14) 
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alors que ladite ^nergie dtectrique est interrompue 
de iagon r^p^tee afin d'offrir une p^riode de refroi- 
dissement minimum, en ce sens que fondamenta- 
lement aucun flux ne passe entre chaque applica- 
tion de la puissance appliqu^e, et rintroduction 
d'une nouvelle charge de m^tal dans ledit recipient 
(10) pendant ladite p^riode de refroidissement. 
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